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(54) Df6WO«»3 f»J«:J'-tf>->x;^fei^->a>«>HI!i'-e>i/x)W:i^i/a:'fc»UTS«l, HtDJl-L, MlE 

(57) (»jE*) 
(PHI (*«i^x/P-fe^'v-3y^nilIi^x/KCJtLT 

(Mi^^^SI rtlSlvx/Hr^'^-ayfcit/o-^'/vcT) 

^i5-frffiftft8 8 irm^mi^xfi-t^i^ a >- 7 a ten 

^L. eyi04Srrtffll>'x/H:?y3y{3«^S-fr 

^J'-t'y^r^J-fK-rSAcs^lc, rtfflgi^x/UWSMS-'D 
^-b-«:K#^8 8 *> Jrt/f^' Kyl^e :x 1 0 4 UT 
Ta!i1-fflxx;P-t^'>'3yt:»-t. o-^r-tyyu 

LTifAL, :}i-«*3j:l^«Aieftc, TgSl^lBlj^x/H:^' 
>- 3 >'2rig«L-CTa5'Hffli/ x/l^-b ^ 3 >tcaj L Ail 




!(2) 000-356108 (P2000-356108A) 



vx/i^ (12) bzhhi^x.mmm^timmtt 

(20) >:*-t05'-t'yicfcv^T. rtMfcJ: 

yfi'i-fi!l>'x/i/$:i:>-HDC>^i5-t+-ri.{c*)/"c o . 

( a ) ^^^h^mm (88) ^mi9mi^x)vt^t^^ 

( b ) f^lel*lMxxy^$•frid^'^fi9i^x;^rt^^mia'C:>^i^ 

( c ) mii'(.'--^h^m¥^mmi^xMznLxmm 

x/HCittTo-^'ltt^tCilft^ipffllCfoliT^lftt 

h . t«*Ji 1 tcEaco:^^. 
x/Wc*^Uro-5'H||{cTO=5r:fr(6ltc»irri.. 

[is*«4 3 psiietcfcv^-c, rtfflixx/pj-j'Hii^ 

I.. il^^i{cis®co:fr?£. 

\,z}i\^xmsth, m^mii,zsdMmm. 
vmme ] $ h^z. mti-t^-kh^m^mzii o 

$fL?t5^gS« (104) SrmiSJ'Haivx/PcoraPtW 
{cJ:0l*HII>'x>I^S:i^-rSXgS:^O, IS^JBHCfe 

i^x;n;isig-ri.xs^^t;. mim\\,zim<r>iim, 

^fitz^m (104) €:BiIiei'HBIxx/l-«OBgPtcff 

ji L , MiSF^ii i^x/Kcf*^$-tf-? fiie't'-^^-ti-BS ftfl 
ftS:ffieniRis^x;Hcia^-r.sie^^tf . mum. i 

[IS*ii9 J IS ( c ) (50fi. fnei^(fflv-x;K7)3:^ 
?:l?lfi'C>^i5li:IRf+m/)>^>B«ie5'HB!li'x/KC^^. M« 

mizwmnm. 

^'i\.i)^o-9m^<r)th*){z\,i&^nm^±Mhi.x/ 
TSvx/l'-fci^j^ay (7 0. 72HXlf76. 78) 
$r(i;t, ( a ) T-'D^t^^IRftftSrMETSPJI-ffllx 
X /l--t ^ X H y*> (^^i^ L , Xg ( b ) T'H?IM'^i5-ti- 
ffiWftlc J: 0 iildrtiffli' x/P^ Bfie^l-IBIi^ x ivHz^^ 

L. -eLrie ( c ) xm^K^^h^nn^^^iT^^^^m 

xx/Hr^i/HyfcWtTiaiB^SCfcCiO. s?iert 
(ii/-xyPS:H?ieTgSi'Hffli^x;U-t^'>-3 y^cWLTSK 



-ri., M*jai{cie«!(7):^. 

(12) i*iif(ii"^x;u (14) mm'yxjv ( 1 

2) (*ilcHlllxx/KcJ:03^}t$ix, ^af><7)i^x/l/*^ 
l^i!lxxyH^<50tt^?r (20) O^jbOlC 

( a ) KWft (88) ^ffie^t-roj-^x/WCiR 0 wt, 

( b ) mm.mmmmi^xi\,i)^h^i^L. 

(c ) 8ui6J'hfi!li^x/HzJ;Sp«ljili/x/l^«^jt5rBiiE8X 

-^h'mmn ( 54 ) tcj: OB?iertiiyvx/i/S:si#L, 
xs (c ) x-mmmi^xii'ffy^mmmmwiiiis^h 

(nMzx-^x^-th . i»«ia 1 1 ^zsmcnum, 
[iil*«i3} {20) z<r> 

ti-9(^th^ i.zm't-iz^WL^rifz 1 «<onffli«±gg*j 

itTFSBi'Hixx/Hi^'v-gy (76. 78)fcJ:t/l 
5tion«4^±S5*jJ:irFSSrtlfflxx/H:^'>' 3 y ( 7 
0. 7 2) t$rfl-ri.^-t>^, n-^'iS:^'-t*y*» 

(a) ±g55'Hli>■x/^■b^'v'3y (76) SrBXOJ'hL. 

(b) ±951^68$/ x/Hr^'vgy (7 0) ^JRO^t. 

( c ) Kf+ ft (88) trineTaJi'HII x/H: ^'y^y 

( d ) BifffiTSrtiaj/'x/Hr^'x 3 ycOil^S-BlieTSS 

(e ) XS (c ) c/)f^, mtTJo-^r-byyj (18 
0) imitTmm'yxiV-t9i/3y (78) tClKL. 
•CmieTSSrtlHvx/Hr^'v'a y (72) *Cfll-g-$-fr. 

( f ) BuiaTg?rtlffl'>x/Hr:5'i/' 3 y<0^^l:HfllE5Xf+ 
ft*^^>fluieo- 7T-t y y 'J fc J: tTf SPJ-mv-x/H: :7 
i'syC^L. 

(g) ifieTS?rt®l>'x/l^-fe^v3yS:D-:?«||cr)i 
0 tc . gfrieTgSJI-iffl X /I'-fe ^' 3 y(r)L<rMm.t X' 

(h) xg (g)(7)f*. BineTgJrtfl5lxx;l/-fe^>'3y 

$r]R05't--rxS$r*tJ. :J'-h'yc;)^i-IS:^ffi. 
( i»*Ja 141 (^ffljfc J: iXJ'Hffil -y X /H: :? 3 y 

p^miijiifn-mi^x}i^-b9i^3ymz%^'r 
imirmzmsiLfcimmm ( 54 > ws^ijtciosi 

IM ( a) tiXl/ ih) comiz. ffilLtgPJ'Hixx/l^ 

:7 X 3 yfc J:l/±S?rtlffli^x/Hr ^' 3 yHtc^^-fl, 

j^S^$:ti-rtXS$-^^, 

XS ( c ) toMlc, fiieTSJ'Hffli^x;l^-t7 i^3 yfcJ: 

iTFaJrtlHxx/Hr^'xs ylSlfcfil^-rsa^SsgcO^ 
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ft (1 04 ) SrMiar^'-bX^PtctfALTMeTgPrt 

3{cie«<o:^s. 

imm 151 XS ( e ) <0?S. Mifi^SSWSrfi^ 

€l.lS5:^tf, iS*JB14tcie«o:firffi. 
[if*«i6J xs (g) ofrtc, rs-rtUvx/u 

•fe^'xay (190) $rB!neTSf!|*3lS!lxx/H::?j^3y 

tasL. MeTSPi^iii^x/i'-bi'vgyfcitxMer 

3 yciO±tc*>or S— t;?i^ 3 y5:ifieTgB5'l-ffllxx;l/ 
-fe ^' 3 ymz&.s^if>i-i, xm-ktj. iS^fl i 3 iz 

[IS«Jai 7 ] i'-h'ymmiLt^JMi:^^, z 
<0^'-h'y|ffflixg{i. 1iir^TSPl*]«lvx/H:^j/3 

y (72) ^rMieJ't-IBIxx/Hr^'i^sy (7 0) <7)J:(0 

(afiTBifidr*-- fe^'xsy (190) (ziigL. Birie 
bifida ytij^rrfmmi^xii^-i^i'i^Bym 
IkLT. il^^ieTSl5l*^fl8i^x/^•b7x3y5•H^^iETgl5^'l•il!l 

Tmm->^>\^-^^=y3y^±i,zmmibL, me.rs. 

— fc^i^sy^JROJI-L, ffi2±a5rtflli^x/H:^i^3 

i'Kfflvx/H:^' X 3 ySriflfiTISJ'UfflxxyH:^' V 3 y 

immiS] n-^' (20) Oi*)0{cm«0±g? 
tiXl/rmm'y x)\^^i^i^ 3 y {7 6. 78)fcJ:l/ 
mcDigPfcitXTSSl^lfflvx/Hr^'i^ay (70, 7 

2) ^^if-t'ym^ixuzhtio. 

( a ) Kf+ft (88) trmHTmrni^x/U-bi^ V 3 y 

izmm. 

( b ) MeJRttftSrffSTSSil-lffli^xyH:^ i^3 y*>#, 

( c ) fiieTSJi^iivx/l-t ^'i/ 3 ySrmieTSPJ'UMi^ 
x/P-t^xsytftcJfAL, 

( d ) miTmm'yxiU-t ? x 3 y^ffieTSJi'Hiv 
x/u-fc^'x3y*>^>i^L. 

( e ) frETSPrtllli^x/H: ^' >- 3 yrttco-^' ( 2 
0) SrSaL. 

( f ) fJiS±a5rtfl!!lxx;l'-b:7i^3 y^iJfSTSlSrtliv 
xyn::!'x3yica^L. 

(g) wisd±3iiXxrfU^mi^xJ\^-t^'>3yi)^(><0 
5^5rffiaXft**»/iB5iai*li!8i^ x/U-t ^ y a yfc J:{X 

ffieii-iffli^x/i'-t 9 3 y «>g^c»-rx 

SSr^t;. 9-t'y(om.fjm. 



(tS^ia 19] XS ( g ) ^Butc, mimm^mii 
nm=yxH^-t9i^3yl,znLxmBt?>Ztl,zXf). m 
IfirtflBx X ;H: ^' 3 yi:wsiif'm>' x ;u-t ^' >- 3 y 
J*LtWffl5-ri.XSS-^tr, 18*111 8 {CieSicT):^^. 

[i««ja2 0] ittii2r^rti)0-^' (20) <oii)0 

t^5vHcli$§iX7tl*H!iy-/x;P (14) fcj: WMi^x 
/K 1 2 ) i^tl9-t'yi^9m'yxii' ( 1 2 )<:ll 

^■fitzi^cD'b^h^niimztix^x . 
nmyxMzmz-ti> mnmn^ (no. 112) 

t . 'TttttO^I^Sm (10 4) 5-*i-|.7 U-A ( 1 
00) fc, ^^^:<fci HicoPSS^IggS^ ( 1 38. 1 
40. 1 52. 160. 1 62. I26)timi, 

m^mm ( 1 04 ) *<7u-a ( i oo ) it- 

( i ) J'l-lixx/Wcor7-tX^P5:3i3§Lt:i*llil-/x/l' 
( i i ) rtfflJ>-x;l^^>^>gtra1Lfc^Kffil>iltc^ia^^ 

SCibl.tl'. 7U-M.(r)&.mt:9m>'xfHzMlXiii 
ii\.^xm?SL. ZtHzX>J^m>'xil-i:9m>'xMzii 

txmm^'C-^h'tmim. 

(ffl«Ja2 1] l*rcO®« ( 1 38. 160) *«JtJ£ 

tlmimn^}iXt/aiiByu-J^i,zmi&^ti. ztiiz 
X OffiifiS*<^)-oopg5tcJ: 0B?ie7k-AS-f||!($ 

^, n~^m:izm.n^j:'^mizfi\>'>xf^f^'^x>i'mm 

•yxMzmxmmh, w^m2 0i,zimcr>mm. 

:^r<oi!* ( 1 38) <*fr:frcow^fcj;{/ffg7ix-A 
{ciilS^^t, B?ii57U'-AcoMen-*(OS«tJlSJtiil 

ft o-ii<7)wm (16 0) A>'ft!!:^o5S{ft^fc j:yfiie 
izx'omii7u-Ai:m^-t, a-^mizm.m'f- 
w*ja2 0{cies<oix#A. 

[IS*Ja 2 3 ] -o<OSf^ (15 2) mmi^xMZ 

itti.7u-Ao(4a5:frie^us:^isittailsL, 
s« ( 1 3 8 . 1 2 6) ¥miy i—i^mi/mmn 

Cig5rn-^'«igl(caj|=5rJFiBtcJ5»-^Tia!li-rS. It* 

m2 0iziim(r>mm. 

[000 1 J 

L, !»(crt(fflfc«tK5'|-il^'-fy>'x/H:7x3y$-W 
■r&;<^X:^-fy(cra-r6. ^C:>l,zl$L<li. *3^afl 
«1. ^'-t'y«Slj)C5fi4B#tc[*i(i>'x/H:}1.|Bxx/l' 

3a^To- ^'totS^Sfpfc J:tf i^x/u-fc X 3 y<7)> y 



[00 0 21 *ll»rFlg5, 779. 442#t. m 

[00 0 3] rtlHi^x/H^JWD-^'SrKOJ'l-S-ft, ^' 
- t'y ^, X 5r i: I. 

rtifvx/P$:J'[-f|xx/UiSI«-tl>b:>-S:{i-f L, r>\\ 
•C'ilfB^'Hixx/USrKOnL, ±S(^ffll>'x/H:^'>-3 
>'SrlR05'Hf-«.J:dCRai-ri.. iSUrtlffli^x/Hr^'i/ 

'»Sr^tfJ:SPl*1i]i^x;U-fe ^' 3 yj: ^-b'y*>4>JR0 
J'h-rci i: ifiXt- . D- ^'iOTffl-fe 7 >- s ^ SrSffit & . 
-P^'tC. i^x/P-t:^'>-3y5:Tg?l*]liIv 
x/u-t^'xsyc^i-SiJtlfCSl^t, :J^5-i^x;i-fcJ; 
irFai*IIUi/x/H:^'i^3>'€:18 0* HHELT. rtM 
vx/H: ^ 3 y ?:TgP5'[-li>-x;i/-fe ^' 3 V<0±twie 
at*. ^com2<7)rtlii^x/H:;?x3ySrIR'3{'h-rw 

[0004] ±ld1#SPtC«i. n-zu (|e») JRftft i.^ 
;TT$itTfcO. n-zHSlftmSrTSSi'HBIvx/l'-b^'va 
yi7)±tcSaLT, J'l-lffli^x/KC*tf-|>rtffl]>'x/KOffi 

^**l|ii$it. ClixHiOrs-i/x/Hr^j^syfcJ: 

m^g»I^livx;P-b 3 y 5:n-:?^i|co^i?0 {cm 
Sc-r&^i:*^T'#. CoLt:TgBi^x>H:i!'>'3y<OlX 

[0005]$ f>K±iei$|fco#^*>^>aMT'^ 6 J: 0 
2?iIt<}:0ffl5t:ii^$fiTv^S. ztih^\;yimm 

«$iX7t»a5fciI:tK5RLTrtifflxx/k^nffllxx/UC 

[0006] *aieAJi. ^mi^xll'<oth'o^zw.mm 
r ••/ h i:mmmzmsLt:s.mm^hmL^^z 
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vx/^A>^>yir.y htc5§aiL, F^ffi!Jvx>uSrJ1-lii^x/u 

co\:;y<nmmmzmi-^^^^j:m^^iz-o\'^xii, *atj 
m.izmmtim^'pommtiimzim^ixx v ^ 

*I11#i^m5. 779. 4 4 2^c7)J:9tJ'Hi>-x/HC 

^ri.\ *>< UT, f^iiiv-xyU-b^'xsySri'hffilli^xMc 

>'x)Vi:^mi^xMznLX'0''^iyittli^XTJ*<r>-it 
mi3^\iiX^fz, 
[0007] 

[^BSc7)iis] ^m(r>im^j:mmmi<ziini. a- 

:?$:K0J'F-tit=5:<, rtlffli'x/U^i'Kfflxx/UCJt L 

sySrSKSf rtilxx/PS-D-5'tt^t 

{c, F^fflllfc il^JI-ili'xzmsi-nc^^tyt J: 
{cSv^tc*1>4 5- MiX7t:<2at'}'l-lii^xyKc.-K;H-it46 

X 0 iz^miTi^m ^ izmm t . nmmzmi] $tiT 
mmiztm^titcmaxx/m&mm^tx^^ 
h. fmnfiimtsj:x/m<r)&.m-tti^tnz':>^8m 

<r)mh-yt:nif^<DmtUM)K ^tii: <0^mfz 

»iiH3cioii§ey$r. m^j:mm:fjf^mmizxm^^xh 
x\\ zzx'<owmxu. \^y<r>t^mmumizM.rz 

a-mW<r>th'^<Dmi\:tiLmj&UX'iS^hf3^. Zti 

iims±^mmz-t^-^j:\,\ j^mi^ x)\^^m9\--rtz)b 

iz. 5B#i3i:i/7i^co{iS(Ojmfyj. m:fii5Xi/m 
J'Hi-y x /U-fe 7 3 y izm 0 (t , TS^Uffl >- X ;Hr ^' 

imimmizxrsin-mi^xJi^-t i^i^a yizm^^ntz 

A5rii;tl.. >^mi^x)Vim^\i. 'i^^h^'m%<nfk 

n<rmsmn^zm^'fh'L-^h^n -/ y^t^^^^my u- 
AtKf+^tjrffliateL, tfzmmtz\i!im^tiz 

K/H^y*«|«^h7-y:?(c:g«$ix. 5^fcJ:y7SJ<o 

dLgwTgpj'nai'x/n: ? i' 3 yi^tygaas^iiL 

r. rt(fflfcJ:{/J1-iai^x;l'$rfa5iitef *3^^t:y5ra 
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il:^|6)ill65a ••/ KfcJ;t^TO^$::ft-LTTgl5WJi/x/U 

( 0 0 0 8 J W+^Anr3?J'|.ffli-/ x ^' 3 y (CIR 0 
Wt<^iX, 9V~ H/kfy*5|^(ij/x/l/C0|Himtc}f A$ 
a^c^St', ±gP}'HMv-x;l.-t^'j^3>'fcJ:tX±g?rti!l 

gp^m vx;H: ^' 3 y 5-7K¥5i-S'lllTT^i'Hi V x/l- 

.IiitcJ:0TgKl*)ilv-x;H:^'>'3 ycoaftSr-r^ 
(0009] TSSrtWi'x/P-t^'y'gySrJROJ'WC 

/Kcis^-rs. oric, ^'u-h'/i^ey^aii?^*:. t 

a?rtiivx;i/-tr7 V 3 ycoai5ro-7r-t yru 5r:^^• 
L-TTgp^'f•^ii/x/^•t:7>•3 ytcf^-r, iijD^O 

n-5r-by7'ij $:WJi^xMc5B#fcJ:t/7B^(ig 
tUSL. ■e<0n-7*nFa5|^ffli/-i;l'-fe^'i^3ytlS 
-^•rs. 5^S-l*)ili/xyU-t:?x3y5:T^rtiJxx/l' 
■fe ^' 3 y (c5i-S'I^-C1i^t h . o rtc o- 7 i^'^ 
TSRJ'Hav' X /^■b ^' v 3 y »c JR 0 f+tt , ^ S - x /u-t 
^' >- 3 y j; t/TSSf*Hil-> x /U-t ^' 3 y $:-^(c 1 8 
0" (5]iE$-t+, l^i5->x/H::7>-3 y^:?-t'yco^S!{ 

$fl/crtlffil>'x/k-fc^'i'3yiS-1X0i1-1-^i:*«-C-^. o 

TilJitSi^ic. rt{i>-x/H:^'i/-3yO^B<iliLh 

(0010] *^BBc7)'i:>^^-ti-iRf+mfi. Hit-. 

^::J'-h'y$ri3ff-ri.^«c, rtIii-x;U^5'l-ffllxx/Ui 
i^3ymh±.lf(,ti. ^^ixf^Vtmx\ a-yT-b 

yyj ^TSinm=^3.)u<r>4f^}}jix/8f^(7){{imx't^A 

x/l^-t:^i^aymzfiT^^. n-yT^yy)±iZ^ 

sytcHSL. 5'U-h'/Uty$-f?fiLTTg5rtiaxx 
H'-t^i^Byizm^^it?,. r>^'i,zu-9i9-\:yn 
tcffiSL. E^-rS. ±2?i*Hi>-x/U-fe7x3 
y?:7K¥^S>IISt'Tg5(^lfflxx/P-t X 3 y{z®%-t 

h. o-7r^:y7•'J*K'}^'^■rfc, rtnnxx/i^wco 



L^:*>oTTg??Haixx/l'-t^v3ytc^§^il.. (^Iffl 
i^x;l'*''-C..^i5*BXftftt J: OT^JI-fflUv-x/P-fe^'v' 3 

yf^lT-i^^flTt^^^^JiT'. 'tv^i5-y:JRttft(^iit5n 
•/ KSr^f^LTrtfflli^x/I^SrTgPJ'l-lfflj^x/Hr^'v'a y 

WJvx/Hr^' 3 y $rTgS5't-lfflvx;H:^' >- 3 yic^Jc 

Oh-y^OiJM-ClfA-ri.. 9 LTrtliv-x/KOfifi 
$:3^^h-yic#L. 'C^^i^-itKfm^liXOJh-t. Sf*<o 
1 **<0fWfc J: WS:fir3d*if y €: 5 ^fc J: 7 B#wfi[a 
T'TgPJ'l-ili^x/Hr^^'aytC, I*lili^x/HI$^R|^ 

t\ s^-ri.. z.(n^m.iixv^^w.zxti\i. nm'yx 
Miu-9fmtm3:wm:mm^ixtzm.{z.b^b-t 

-b'/h$:to, n-9(r>^^[znm-hzti}^x'^h. 

(0011] *^B3cot?3il^mS«lcJ:^i{f . RTO 
OrtfflJvx/Ufc iWUM^xvUi: ■ifif.i^x/l'rtlwiBS 

$fi/::W^I:W-tl.D-^' t ^ ^t^:?-t'ytcfev>t , 

( a ) 'D^i5-(f-)Rf«5-H5fa51>iiv'x;l'*>^>^»L. 

( b ) miP^mi^x.)Vimi^\-m>'x)i^Hzmii-L'''kh 

^WLim^z J: 0 L , ( c ) Mld'6^-h-ti-IRf+ a 5: {'h 
Ifflj^x/Ucj^tU-ClliK-r^CfctcJ:^, l*lili^x/l'$r?h 

(0012] :¥%m<r>^<r>WMtcnmsmzi.h.\i. ^ 
IBSi^x/ktJ J: WHIli^ x/l/S:* L , rtlivx;^*>'?Mi^ v 
x/H^{c51-ffl9i^x/WcJ:03d*$ix. c:<i^><Oi^x/i'*< 

I. rf'-fy $-«-Wri>:^«Ji;, { a ) Wm^Me^'hPJ 

i^x/KcBx o#(t. ( b ) mmn^mmmi^ 

ij^h^^L. (c ) Btiie5'HB|j^xMlJ:l)rtlR|>'x/K7) 

^mmtmimizif^^Tm^-^ts. 

(00131 *56BB<7)$ /;>lcfl!i<oiifja^||J6satciix 

1 itcopjMlthgPfc iirrggJHffli^xynr 
^ X 3 yfc J:t/^ 1 JI1c0Rffi4O:a5fci:irFgBl*J(i>'x/l/ 
-t:^'x3yt5r*-ri)^'-t'y$r. u-f^9-\Lyi)^ 

hmm^t^j:< . m-th-Hmi. ( a ) ±.mm 

xx/u-b^'xsyJ-SSOJ'l-L, ( b ) igSi^Kgi^x/l-t 
^'>'3y^:©0J'l-L. (c) Wft^TMieTSil-lffli'x 
;l'-t^'x3 y*»f,3a^t. ( d ) MeTgSrtfflv-x/P-b 
^'->3 yiOi^$:mieTgS51-IM->x;Hr^'i^ 3 y^x^fr 
ieiXf«{cf?L. ( e ) ( c ) <7)fS. :gacoo-7 
r-tyyj *:B5ETS^f-(ffl>-x/U-fc;'i^3 ytcll^LT 

MieTSPi^jgivxyni^va y»c(S^§-e. ( f ) Me 

TS8(*l|Bg>'x/U-fe^' X 3 yw5m5:B!iieKWft*>f>OT!S 
o- 7 r -b y r 'J fe J; iTFSBJ'l-fflx x;P-t ^' X 3 y ic^ 
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tX-mt, ( h ) Xg ( g ) coit. MISTgSrtlBlvx 

[ 0 0 1 4 J *^BSO$ (>izmcr>«-M^j:miimmiziti 

-fe ^' 3 y J; mco±gPfe J: trrSBrt X ;nr ^ 
x3yiSr*tl.:5'-t>5rffl;^^iT4*-j£(i, (a)K 

ftfts-HtfieTS*HB!ixx/i--fe 3 yizmm. 

( b ) B'iieKf+flSrfileTSJ'UHi^x/P-t X3 y*^^) 
S^L, ( c ) mieTSPrtaii/x/Hr^' X 3 y^msiT 
as^hlSSi'x ;H: 3 ytl'fclf A L . ( d ) MieTgSrt 
lllxx/l/t^'vs yJrfriBTgBM-flli^x/Hr^'i^s y*» 
^>^L. (e) MBTgPrtWvx/l'-b^'i^Byi^tn 
-^'^rieSLs ( f ) B?ILhgPrtlMj^xyH::?v3y2r 
fiiaTartlilv' X ;Hr ^' 3 y tcllg L . < g ) msLt 
i tTFSPl^lii^ X /H: V 3 y*>/i, 0^5: B?ldK 
f+M*>'^Wiertil>'x;P-t :? 3 yfcJ;t/^Hui£^l-(i>-x 

/u-t^' X3 y«rfflijiM-ri.s*{cff-rxgS:^o. 
[0015] *i%Bfl<o§ 'i>fc:fi!!0»jg^:||iSSl«fc iii 

Mzm^thfzibco^-^iyitnnmi. ^^m'^xMzm 

( i ) ^mi^x.jvcnr^^y^m 

P SriiiS LTrtffll X x/l't ^-^ LrtfflS V- X /US: 7 U-ix 
*»^>S:}$-ri.^{4fit ( i i ) l*HB!li^x/U*>(^girat 

i»s L . mtit.^mi}miim^m.i,zhh t & . 7 ^ 

-Acr){aSS:J1^(ffli/x/KcWLTillS:^[6l*y'v;{iD-^ 

ws^i>z^nt£'^m<r>\^tm^-r>t,zii\^xm'^b. 

tJ: '3rtlfflxx/l'5-J'Hli>'x;UcJtLT»lifrs. 
[00 16J 

[^BBomiil^iaa] ^'-h'ycoi-fe^'i^sy 
i&lOTmLT^-r. :?-t'y-b^x3yi0Jii'|.ffl 
ffl)t>-xyn 2fcJ:t/^Hffl>'x/H 2{,zi.^^i^^ixtz 
rtfflfli^x;H4$:W-r&. F*Ilii^x;H 4{1. :5'-t'y 

t^l8<^E?iI$-«»LT rtffllvx;H4lii;^:, 

f4ll2 2<7)Si5 0$:Ilie^8g^D-:5' ( 2 OTmt 
S) 2:afflLT^>S. 0-^-2 0^. X^-^t^mz 

2 8i}iH-tEi-?>m 1 S*^ -/1'2 4fc J:l^m2g;f.-f - 
/U2 6 *^'0^$h.T *^-/U2 4fcJ:tX2 6fc:« 
-efl^iV<r yh2 8t>J;l/3 0*<||«$fiTV^S. S 



1 4 li , Hii:frg?^i- 3 6 fc mU'if 3 8 i: ^ ttf«:^ria)tcg 

T-/W4 2*j<J:y4 4$-Wr'5.. j^x7'>H<iA>-yh 

<0$fe^i:fl;/jN<0^"JT7yXiS:4;t.S. (*IIB9vxyH4 
Ili'f-Hvx/H 2fc. n-:J'<7)«il|{cSl:^r^|iS:fr|6J¥ 

if{c?&^T. »iiL<{iSlSi3J:U^S2S<OA> yh 

[00181 nmi^xivb9\-m'y3iivbiis.\M,zmm- 
^3 8^ti^tnzwA5 0isj:t/5 zmmumzmm 

tt, /;:t;i<fS:^fy5 4*«^l-ffl!li/-x/n 2c7)T7-tx 
mseSrMjiL, rtlS8vx/H 4cOH!r:firgP:>^3 6tcO 

'^imi-ti>, nm(o\^yip9m>'x)i'i 2^«x 

x;H4<o^*g5*3 8kffii:]i^5. c:nf>(50ty 
5 4 2r. «-^:fr(6i¥ffirti7)8licofy(iSlci2^t, 
n-^'ttScoSib»)tC5VHC*t)4 5- ^fO^WS 

isjftBtcfigffl LT t, XK^ztf)mmx'^ m-fx-h?), 
*/t^ey 5 4{±rtiixx/Pi07f<^:^i^i)-mA>'^^ 
*ITV%|,, (■^^.•^^-^) ey5 4Ji. mscco-K/i-h 

(Oi^^y^b. l^lSg^tbSiSr^tj, ^:}^h-y(7)US:3: 

^M^g^^c^i*%Bfl^c!^^^lT-(±^< , in\^ymmi^x 

t/TOJrl^-r J: d iz^n I , y3&«R;i:Sr|fil^fi<0A$- 

[00 19] ia6m«3-tSt, rtllii^x/H4fcJ;t/^ 
i'hfflli/x/H 2'?-ix-Pit$:, 18 0° gft-tSWf^J^ 
vx/Hr^'v-ay (i;t{i4^g?) t^(olB^th(ni)mt 
L^^. H^cOffifiJi. 0 iWi'l^iaX'Ji. rt(BJi^x/Hr 
^' >- 3 ytc J: 0 CSSf $ fi/t y X/Ufc J: IX V X 7 H ^0 
^ntT>-'»^:v\ L;t*^'-5T. rtili^x/H 4<i, Il6lc 

^•tiaic, ±.UPMi^3.iv^9i^Byi oaxirv^ 

rtffllvx/Hr^'y 3 y 7 2Sr*T-«-Silg57 4 tf8->r5: 
^UcJiSL^c*S«T'^&. |5]^{c, J'HlvxyH2ti. 
l.mm X X /P-b ^ X 3 y 7 6 J: irrgSnH V x ;U-b 

3 y 7 8 S:*^Sim8 0 Hciiig 
m&Thh. a3(cMjiL-C±^LJtJ:9tc:. Jl-fflixx 
/Hr^'i^3 yt«jiLA^o-?-fitlIl^$ixfc3tl#ty 5 
4{i. B(nfra^3 6fcJ:t/fi:fi-gP^3 8lcfcl,^-CrtlBli' 
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[00 20] ia4(C. TMfimi^ xll-t9 a yl 2cr) 
ii50<O73S5'l-iJvx/P-t^'j/-3>'7 8$r, igPrtWi^ 
x/Hr^'xH V7 Ol5J:t;f±SSJ1.|8!l>'x;H:^>'a 

emm^^x. ^tmi^zx^^t. 04 wi, set-jg 

f A y 7*n •/ h J: lif ^- xiO- 

^ic^j^tSxrn^r .y h 9 stcfflttjgL/oxy H 
f-x-y96 (014) $r»-r§. y7^r./h99 
(01 3fcJ:l^l 4 ) Wi, .-K/l/hjAiAJibtt^)*!. Z 
z lc.t:/u h 5:11 taAT-r^ y h- ^ rtM vx;i^«om:fr 
J; ixf*:^ ';Ajjj:t^^^5-xx mzj^ o -cms it/t 
-■K/Uh^Xioi (@2)fe:S^-rs. f^'>--/h9 9ii 
f-x-y9 6{zt,|lg$ixTfcO. C:ix{cJ:Ot-:?cr) 
i)f^B#{c. 7'7^ yh9 9Ai^x-y96ttt(C^»I 

■ti>, :r7y yvmm>'xiu-t^i^ayt.fciiy^- 

3ymi»r^j;^(ciiiiE-t-i>. 
1002 1 J zzxm5iznht, ■c^'^bitmnma 
H(a(ift:fr>gc7)7 ix-A 1 0 0 i^tt. c^'-^hty u- 

AlOOIi. o-:?'tt||t^tf^4jC>l8c7)Sil(c. 

10 2Sr^tf. t-:? (H^-fr-f) 
*«, aSW<05m85ff. y::t;t.{f?u-H;Hryi 04 
5:h7y;7 1 02(c?aorigi)!lf h7-y^'102fc 

j:i/zixi,zr<i->xnmsmzumiifc^u-\^ii'\z-y 

1 0 4{i. 5B#fcJ;C;f7^<?)(aat'i'HixxyHwJ>tt7t 

mi. mfyt:^t^t'ywiaf}-(,m^x$)^t^ . ^ 

l^fyraoSTjiSLTTSBP^fflj^x/H:^ y? 2W 
0!!m5O«J:t^5 2 J: otc^roT^^S. L/i*« 

•^T, 5B^JiJ:lX7^<Oiaa<7)S:}^tyS-fev>Tfc«t 
li', ^'U'-K/l-t:y 1 0 4(i3mb-y^PS:SiiL. (*l 

10 0 2 21 'C''^hitVinM88ii.tti . -C^-^ijitSXff 

ft 5: iStlTgPi'l-IM vxyH:^i'3y78 (cll^t -S. ^^r*^ 
iO, 1 loaxt/l 1 2T'Jg«rr&. :£lfflfcJ:l/^:&mi 
W^Sr^A. ZtHzX'Omm^^d:lX\ -C^^hitlR 
f+fl:€-TSe^{i->x/H:7->3y*>f>!gS-r*, £»K 

1 1 0J4 1 ii(r>ns.mi^^tifzmm 1 1 4 
16 2:^0. sswi 1 4iiin<o^m^^ii'hFimy 

'yyi/X l8^r5J$L. -:^S?«1 1 6 li 1 h 

nmyyy'yiioi^^th. ^^ii-hp]myyy>^i 

18fcJ:lXl 2 0(4. TM9ym->xJl'-t^i^3y7 8<7i 



nm±cr)nm-th^'i\^hmyyyi^t'£mt^. *>< 
Lx. mmmizii. ^mun&i i onTmrn-^xii^ 
mtzmmmizim^tih. m&i i oatfz. mn 

n./Kl 2 6hXl/l 2 8cOJjggp$:5ftAfT.I>^n5-* 
•fSiEictSru-h 1 2 2fcJ:Cfl 24*^^.JB«$it 
?tS OW flfii-/^^ •/ h f-^O. WTtSiBfltS J: 3 
tc. PSBa-^Hl 26fcJ:lXl 28{4, fn-ftlSVHc 

2 6feJ;{/l 2 8<^RS^«(4. 1 0 OtCilfeS 

nfv;fllJia5«{z}gi«$nfv:.t:-/HS^l 30fcJ;tf 1 3 

2tCJ4^'>T<-^.?). 

[0023] ^hiz. mmmi iahxi/i lean 
mrmzim L7t*¥ru- h 1 3 4 *> it/ 1 3 6 (cfii 

iiWtwES^ilTV^I,. ra'it^PliSn"/ H l 38tJ<J:t/ 
1 4 0O_hiffi(4f ixmru-h 1 34io<J:tXl 3 6(C 

0 o(nmmsimm^$tifz^^~im^ 1 4 2tjj:i/ 1 

4 4{CllS§ttTV^|>. 

[0024] ^HKft^ 1 1 2«4. --P/I^ hRjg? y yi^ 

1 4 6t'll3i81-S«StOflBtSf^$rll^ftSI?liia5« 1 

4 4<r){^t,?E.nB(7)S^m^:ist^, Ztit^<^^^/l^hFiBy 
y yyjiS^^'-K/l' hizX<0. TSP^'Kii^x/Hr ^' x a 

y 7 8 <oii-®(cja o iftWJSt s -t:/i^ hmyyy i^izm 

^^tl, ZtHzX')^mSSLn^l l 2^?|.|S!l>'x/Kct8 

^wi^ns-rs. mwiif^izm-thri^-h i so^^fii 

jig*14 8»cJ;0Kf+^l 1 2*><^'50W^iXs 
(Oriy-h 1 5 OfciaiiSD y H 1 5 2<0-ffi*<{iy))i* 
ilTi-^l., PI5D-/ H 1 5 2{4o-:?coill8{clJ(rW 
■C'J)0. ^<r>^Mi^iiyu-i.iooi,zm^^tirz:f^- 
Jm^l 5 4l,ziiit)Q,itiXK'>h . $4>tC. tffiSKfl-^ 
1 1 2{41it<ori^-M 5 6tiJ:{/l 585:^*, CI 
fl'c>t mcOiSl:=5:IBf5D ■/ K 1 6 Oi) J:V 1 6 2<r)± 
«*^^§ixTV^&. P0O-/K1 60fcJ:i;fl6 2t?) 

1 6 4fcJ;l/16 6{CllS$n-CV^.?.. ISIISD y KcoJg 
a5<4¥iBgi55r*L, ^Clcia. tztHivy-yhPy 

fziJ^-yXht^^l. rtffllvx/U^^ffllvx/UCitLT 

(0025] ±i!E<0|)iHB*»(i>a«T'^ hXoiZ. tOUlR 
ttSl 1 OfcilXtffflllXft^l 1 2ii'i:ti-^'ixTmm 
i^x/H:^'v3y7 8*^4>fi|jt«{c5^§ii&. 
IXft^Ji, 4*Offiiltc®?ttl.pS5D"/ H 1 6 OisJ: 
1 6 2<7)A(Cct ->T . ^' H/l-ty 1 0 4 $-#tf 7 
b-A 1 0 OS-S^-rS. ^»fcJ:t/«i3§gcoa^c7) 

s^T'. tm<7immf)^t>B^(iMz^j:hXoiz. ^mi^x 

yU-Al OOJiiy^'U'-F/uey 1 04 5r•rt■LT*^ 
ia>'x/U*>^>$1#^S. i^o. rtiBI>'x/PS:^'U-K/U 



0. 

[0 0 26] C:c:T-|l6~14lr#^L^r*««^.. o-zU 

m^mmmti . &mz. ^'-t-ym^ru 9 \z 
/u*>'-r^t h J: ^±.<,zm*>mhixt\^hz. t 

X\mei,z^tXo(,z. 5^fcJ:lX7B#co{iBtcJ>Sif 
i W*:Wa#ey 5 4 5:?|-(B!l>'x;i^*>t,»|i*S . 
•o , m 7 (ciK-r J: ^ l,z , 'C>^bitK#m 8 8 ^ TSS 
J'Ha|->x/H:^'xgy7 8tC|il^-ri). ftftJ^Wi, £ 
«fcJ:tf*ifflWRft^ 1 1 onXX/l 1 2<r>if^}VV?my 
'jyV^nmhyyy'AZ'fs'-tVY m^-^-f) tcJ:0 
H^t , Clfltc J: 0'i:^^ip-li:BXf«8 8 ^HDv-x/P 1 
2*^<9ffi'9T{f.|.. ^'^-H;l.t>-10 4$:SJtAn^ 
fcJ^OTartffllx X /Hr ^' 3 y 7 2 OIMlBlr 5 0 iJ J:l^ 
5 2lC:?W-F/l^^>'-^-M 7 0^igi.tt(tl). 
tc. ^' U- H;l/h-y 1 0 4 2r , 5 4<7>JttcStc 

fcWHaiv' X ;Hr ^' >- 3 y 7 8 (^^P fclf A L , 
fLTfyi 04S:h7"/^' 1 0 2lc©o-CHlF3i$-e.& 
C: t J: 0 *^)Ct S eacortil X /^c?)[HIm 5 0 fc J: 
5 2 fc !> . 'C^^fc^flXf+ftS 8 *fTg8?HSyi^x 

/H:^'i'3y78*»<9!8S$nyL'*t®-e, I^SIxx/KO 

3 y7 6i>J;V±|»rtilxx/H:^'x3 y 7 oracOSI^ 
eySrlRO^I--f (08#B§) . ore. i^x;p-t^'i^3 
yWc^'^thif^)VV^^*)'}\--tZ.t\zX'^ ^ ±g55'l- 
ili^xyl-fe?' V 3 y 7 6 SrT^?|-fflxx/H:^' 3 y 7 
8*>f>*^mt-IR0Srt. O^tC. ^mi^J.lV^9 
i^syii> SrTSi'Hii^x /H: g y 7 8 *»^>Slttfr 
|fi]tC^*>±(fl.>Ifc{Cj:0. i'Kffli^x/U-fe7>-3y7 6 
JrUOi'ht. isi«tc. ±l[PrtlfflxxyH:7i^3y7 0^ 
Tg5rtffl|xx;Hr^'->3 y7 2{ClI^-ri).-KyWNSrJl-f 
LT, ±gS(^lfflvx/P-t^'>-3y7 0$-^'-h'y*^^>7i< 
^SflHT'BXOJ'h-r. ±a!(*Hi)i^iyHi^'x3y7 0i: 

[00 2 7] ±g?(J5}'Hfflt?J:t/rtlBI>'x;i'-fei7-/3y^ 

i/H: ^ X 3 y 7 8 fc iinFSrtfflli^x /H: ^ 3 y 7 
2 8^fc J:l^4 B^offigcoj^ >) c^4 *tfO 

^ey5 4SrSX0i'ht. u-'9i)^9-^yHzVk-^X 
OSOf. HB*>*HC, Tg?rtlffl>'x/l'-fe^'v'3y7 2S: 
TSi'Uffli^ X /H: ^ £^ 3 y 7 8 A»^>}#*>±tf I, c: t J: 
Ol:«KO>^■f;i:{lt'$^v^. T2ef*)ffll>'x;H:^'v 
3y7 2$:K0?h-rt{l. 'C«^*>^!■K^=fft8 85:fflV^ 
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Tg|?l*liJv'x/H:7i^3y7 2*r*>-f*Hlf):^(Cf? 

UL. jajDOWii:Sr[6i^"Jr7y;^^t#i>. co/-ctf>ic 

USSd /H 1 52fcJ:tf 1 2 8«:iaeL. 
1 0 0 SrOifcit/^TOf't^ 1 1 Ofocti/ 1 1 2(cW 

1 lOfcit/^l 1 2»iTSB{1-fflii^x/H:^y3y75{c 

fJIIiltCA'OfilJtfl^tClll^^nT V-*!, . aSiSo ••/ H 1 5 2 
fciy^l 28$r|gte-t'I.Ci:lCiO, 00$: 
flXft^ 1 1 QjsJ;l>'i 1 2lcWLttti8;^ia](c#i!)-r 
I.. ootJ:')5l#§/utii'U-H/i'eyi 

04;t!>'TgPl*Iili'x;U-b^'i^3y7 2 ^7)^ 5 0 i 
5 2lC(^^LTV^|,^^®t\ rmmi^JLiU^^'yay 
7 2 S-pltttcTSKHWi' x;U-fe 9i^3y7S',znLXm 

( 0 0 2 8 ] .1 cOTSSrtfflli^ I /H: ^' >- 3 y 7 2 C7)#MI 

0 1 o\,z^tX 0 \,zmm^^r\y- h 
I 7 65:i'HB>-x;U-b^'>'3y7 8{cSX0ft{t5. Z.ti 
hcorV-Vl 7 6«iTg?f*l(ffli^x/H:^v3y7 2<7) 
3§g8lc*-^ $ 0 , TSSJ'hPJv- X /i^-fe ^ 3 y 7 8 \,zn^ 
■STSSrtliJi'x/Hr^' V 3 y7 2<OllIlKS:B5il:-f 
[ 0 0 2 9 3 -:>r(c, 1 8 0T1gl5Ttl.a-77-by7' 
$r4B#fc J:Uf88$«0(£a«0TgBi'l-livx/H:^ V 3 y 

7 8<^^t^o/c3meyT?-bxrap^^L-(:jg<iW 

ftS. D-^r-tyT*'; 1 8 0c7)o-7 1 8 8liTI35rt 

(ffly x/nr 3 yc7)fr:^rfc J: 'J ACfi^ 

•rS. ^-o-^r-by^'Uti-tC/I^M 84 5:S»tAai. 
I -•K/i'hR}gai8 2**A. c:mcj:0n-7r-ty7" 
•J S•Ta5^'^Sl|>-x/^-b >- 3 ycrnr^/UhPlByyy'Az 
m^thzt/)^X'^i,. D-^r-fcyyj 1 soji. IS: 

itcoo- 7 1 8 8 SrTSPrtlS! V x /H: ^' i/- a yo 'J Afc 

?aoTfS^-t^ J; 9 tcJI^-r-S^m 1 8 6 1 -ttr. 
[0030 ) 01 1 , ortC. 9\y-Y}V 

f y 1 0 4 ?: -e^l-eiliO h 7 y ^' \,Zit^ o T fi)6 $ -ti" . 
U- H/Pfy^ y^- Y $rffiOn-r. -e-co^m. TS5rt 
lil-> X /l^t ^' i/ 3 y cofiJiJi 8 ^fc J: 4 B^coii icOQ 
-^T-ty^'J 18 0lcJ:03tt'^ii«.. iai2$-#BS 
tSfc. -:>rtCjiJn«on-7r-byyu 1 so^'. felm 
{i^'U-h'yPfy I 045-^^LT«-»Jth-7/7 1 0 2 
±lCgegL. Mii^-a-. 5B#ijJ;tX7B^<50(iM2OTgRH 

i ffllxx/n:^'x3 ycor^'-txrantcifAL. rtiffli/x 

/KOUAtlS^L. C^LTo-7T-fey7"'J 180^• 
TgS^'l■lffl>'x/^-b:?i^3y78^Cli^•r■S. ^rJJ, D- 
7 r -t y / 'J 1 7 5 .-K y K T-J> s c 

'C«^i5-«f-IXWft88co^:-:5'f+# h7 
•y;? 10 2$rfflV^TD-77*y7''J 182i^lfA1-«. 
CltA^'f^.?). S^fiOn-^r-fcyr'JA^fix-fnf^Ul 
xx/uc7)H5^rfcJ:tXf^^r'JAg?^jc4B^, 5b#, i^a 
J:Df8B#w{aS-C'^^LTV^|,«ST'(±, TUSrtMi^x 
/l'-t^'>'3 y7 2*^'n-77-feyr'J 1 8 2±«OTgS5'l- 
fflli^x/U-t 3 y 7 8{CJ: OS:}^$itTV>l>^t 
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[ 0 0 3 1 ] 0 1 2n.T^-rj: oiz. -?r(c*fiii3^}^r 

x/U-t^V3y7 2timf*|.. ol^'tc. mistcip 
•rJ: D-/i.^-i;r-ty7'';8 6 ^tl-tWtl>. 

/Hr^'i^ayi 90l,Ztfzi)^n. TSP^HMi^x/P-b^'i/ 

7*7 ^ ••/ h 9 9 S: --K/l- h tc J: 0 ^ $ - v- xyPcomicli 
^■fl>. n-/k:ir-xr-t>'7''J<7)t-i'9 4$:f^t!»§ 
fcC J:*), 5:v^(cffl;?iW-}Ttrs-i^x;H 90 
tTgPl*I(ixx;H::?>-3y7 2$-. T^Wxx/H:. 
^ >■ 3 yi Slzm^^tlfza-yT-tyy*) 1 80±T' 
merits. rS-i^x/H 9 0iyJ:t/^-b^>-3y7 2 

cor? ir.y h 9 9 $-^^siiiinBii« Lx^x-yizmin 

(t. -K/l/KciO/S-xx/U^TtiiTgCt^JfiSi^x/l^-b 

-iuy~=yT^yrijiW&m^l, zcrira-tx^, 

:/S->-x/l^i:TgBrt(ii^x/H:^'>-3 y^^^^tc 1 8 
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1. Title of Invention 

APPARATUS AND METHODS FOR INSTALLING, REMOVING AND 
ADJUSTING AN fNNER TURBINE SHELL SECTION RELATIVE TO AN 
OUTER TURBINE SHELL SECTION 
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2. Claims 

1. In a turbine having arcuate inner and outer shells (14, 12) and a rotor 
(20) within said outer and inner shells having an axis, a method for aligning 
the inner and outer shells relative to one another, comprising the steps of: 

(a) supporting an alignment fixture (88) from said outer shell; 

(b) supporting said inner shell within said outer shell by said 
alignment fixture; and 

(c) adjusting said inner shell relative tb said outer shell by adjusting 
the alignment fixture relative to the outer shell. 

2. A method according to Claim 1 wherein the step of adjusting 
includes displacing the inner shell relative to the outer shell in a plane 
perpendicular to the axis of the rotor. 

3. A method according to Claim 1 wherein the step of adjusting 
includes displacing the inner shell relative to the outer shell in a direction 
parallel to said axis. 

4. A method according to Claim 1 wherein the step of adjusting 
includes displacing said inner shell relative to said outer shell about an axis 
perpendicular to the rotor axis. 

5. A method according to Claim 1 wherein the step of adjusting 
includes displacing the inner shell relative to the outer shell in planes 
perpendicular and parallel to the rotor axis. 

6. A method according to Claim i including passing support members 
(104) carried by said alignment fixture through openings in said outer shell for 
engaging said inner shell and supporting said inner shell by said fixture. 

7. A method according to Claim 1 including securing said alignment 
fixture to said outer shell. 
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8. A method according to Claim i including passing support members 
(104) carried by said alignment fixture through openings in said outer shell for 
engaging and supporting said inner shell by said fixture, including securing 
said alignment fixture to said outer shell. 

9. A method according to Claim 1 including subsequenl to step (c), 
transferring support of said inner shell from said alignment fixture to said 
outer shell. 

10. A method according to Claim 1 wherein said inner shell and said 
outer shell each comprise generally semi-cyUndrical upper and lower shell 
sections (70, 72 and 76, 78) about said axis, and wherein step (a) includes 
supporting the alignment fixture from said lower outer shell section; step (b) 
includes supporting said inner shell within said outer shell by said alignment 
fixture; and step (c) includes adjusting said inner shell relative to said lower 
outer shell section by adjusting tlie alignment fixture relative to said lower 
outer shell section. 

11. A method of disassembling a turbine having inner and outer shells 
(14, 12) with said inner shell (14) supported by and within said outer shell (12), 
said shells being concentric about a rotor (20) within said inner shell and 
having an axis comprising the steps of: 

(a) attaching a fixture (88) to said outer shell; 

(b) supporting said fixture from said outer shell; and 

(c) transferring support of said inner shell by said outer shell to said 
fixture. 

12. A method according to Claim 11 wherein said inner shell is 
supported by connecting elements (54) interconnecting said inner and outer 
shells and wherein step (c) includes transferring support of said inner shell 
from said connecting elements to said fixture whereby said inner shell is 
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supported solely by said fixture and said fixture is supported solely by said 
outer shell. 

13. A method of disassembling a turbine having a pair of arcuate upper 
and lower outer shell sections (76, 78) and a pair of arcuate upper and lower 
inner shell sections (70, 72) concentric about a rotor (QO) having an axis and 
without removing the rotor from the turbine, comprising the steps of: - 

(a) removing the upper outer shell section (76); 

Cb) removing the upper inner shell section (70); 

(c) supporting a fixture (88) from said lower outer shell section; 

(d) transferring support of said lower inner shell section from said 
lower outer shell section to said fixture; 

(c) subsequent to step (c), securing roller assemblies (180) to said 
lower outer shell section (78) for engaging said lower inner shell section (72); 

(f) transferring support for said lower inner shell section from said 
fixture to said roller assemblies and said lower outer shell section; 

(g) rotating said lower inner shell section about said axis to a location 
above said lower outer shell section; and 

(h) subsequent to step (g), removing said lower inner shell section. 

14- A method according to Claim 13 wherein the inner and outer shell 
sections are initially secured to one another by an array of circumferentially 
spaced connecting elements (54) engaging between said inner and outer shell 
sections including, prior to steps (a) and (b), disengaging the elements 
engaging between said upper outer shell section arid said upper inner shell 
section; prior to step (c), removing certain but not all elements engaging 
beiween said lower outer shell section and said lower inner shell section, 
leaving access openings through said lower outer shell; and inserting support 
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members 104) carried by said fixture through said access openings lo engage 
and support said lower inner shell section by said fixture. 

15. A method according to Claim 14 including subsequent to step (e), 
removing said support members from supporting engagement with said lower 
inner shell section through said access openings and securing additional roller 
assemblies to said lower outer shell section and in said access opening for 
engagement with said lower inner shell section. 

16. A method according to Claim 13 including, prior to step (g), 
securing a dummy inner shell section (190) to said lower inner shell section, 
and rotating said lower inner shell section and said dummy section about said 
axis to locate said lower inner shell section about said lower outer shell section 
and said dummy section in said lower outer shell section, 

17. A method according to Claim 16 including reassembling the 
turbine, the step of reassembling the turbine including securing said lower 
inner shell section (72) to said dummy section (190) in a location above said 
outer shell section {70), rotating said dummy shell and said lower inner shell 
section to locate said lower inner shell section within said lower outer shell 
section and said dummy section above said lower outer shell section, 
removing said dummy section, securing said upper iimer shell section to said 
lower inner shell section and securing said upper outer shell section to said 
lower outer shell section 

18. A method of assembling a turbine having a pair of upper and lower 
outer shell sections (76, 78) and a pair of upper and lower outer shell sections 
(70, 72) about a rotor (20) comprising the steps of: 

(a) attaching a fixture (88) to said lower outer shell section; 

(b) supporting said fixture from said lower outer shell section; 

(c) inserting said lower inner shell section into said lower outer shell 
section; 
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(d) supporting said lower inner shell section from said lower outer 
shell section; 

(e) disposing the rotor (20) in said lower inner shell section; 

(f) securing said upper inner shell section to said lower inner shell 
section; and 

(g) transferring support from said upper and lower inner shell sections 
from said fixture to elements interconnecting said inner shell sections and 
said outer shell sections. 

19. A method according to Claim 18 including, prior to step (g), 
adjusting said inner shell sections relative to said outer shell sections by 
adjusting said fixture relative to said outer shell sections. 

20. An alignment fixture for securement to an outer shell (12) of a 
turbine having inner and outer shells (14, 12) secured to one another about a 
rotor (20) having an axis, comprising: 

a pair of mounts (110, ii^) for securement to the outer shell; 

a firame (100) having support members (104) movable thereon between 

(i) a support position passing through access openings of the outer shell and in 
engagement with the inner shell to support the inner shell from the frame and 

(ii) a non-support position spaced from the inner shell; and 

at least one adjustable element (138, 140, 152, 160, 162, 126) 
interconnecting said frame and at least one of said mounts for adjusting the 
position of the frame relative to the outer shell in one of an axial direction or 
in a plane normal to the axis of the rotor, when said support members lie in 
said support position, thereby adjusting the inner shell relative to the outer 
sheU. 

21. A fixture according to Claim 20 including a pair of said elements 
(138, 160) connected to said mounts, respectively, and said frame, whereby 
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adjustment of one of said elements causes movement of said frame to adjust 
the inner shell relative to the outer shell in said plane normal to the rotor axis. 

22. A fixture according to Qaim 20 wherein said one elcjnent {138) is 
connected between one of said mounts (22) and said frame on one side of a 
veriical plane through the rotor axis, another element (160) connected 
between another of said mounts and said frame on an opposite side of said 
frame from said one clement, whereby adjustment of one of said elements 
causes movement of said frame to adjust the inner shell relative to the outer 
shell in said plane normal to the rotor axis. 

23. A fixture according to Claim 20 wherein said one element (152) 
adjusts the position of the frame relative to the outer shell in said axial 
direction, another element (138, 126) interconnecting said frame and one of 
said mounts for adjusting the position of the frame relative to the outer shell 
in said plane normal to the axis of the rotor. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The present invention relates generally to gas turbines and particularly to gas 
turbines having inner and outer turbine shell sections. More particularly, the 
present invention relates to apparatus and melhods for installing and aligning 
the inner shell relative to the outer shell during initial assembly of the turbine, 
as well as removing the inner shell for maintenance and repair of component 
parts of the rotor and shell sections in the field and reinstalling the inner shell 

In U.S. Patent No. s,779,442, there is disclosed a gas turbine comprised of 
inner and outer shells. The inner shell carries the first and second-stage 
nozzles and shrouds, while the outer shell provides structural support therefor 
as well as support for the nozzles and shrouds of additional stages. Each of 
the inner and outer shells is comprised of semi-cylindrical upper and lower 
shell sections joined one to the other along respective horizontal splitlines. As 
outlined in that patent, the nozzles of the first and second stages are cooled by 
flowing a thermal medium into and out of the nozzles. 

Access to the hot gas path components of the turbine, without removal of the 
rotor within the inner shell, is accomplished in that patent by disconnecting 
and removing various piping and fittings associated with the cooling circuit, 
inserting rollers through access openings in the lower outer shell to transfer 
the weight of the inner shell to the rollers, removing the pins mounting the 
inner shell to the outer shell and then removing the upper outer shell, 
exposing the upper inner shell section for removal. Upon disconnecting the 
upper inner sliell section from the lower inner shell section along the 
horizontal splitline, the upper inner shell section including its nozzle, shroud 
and associated piping, can be removed from the turbine, exposing the 
underlying sections of the rotor. A simulated dummy shell section is then 
secured to the lower inner shell section at its splitline and the dummy shell 
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and lower inner shell section are rotated 180® to locate the inner shell section 
above the lower outer shell section. By removing this second inner shell 
section, the complete inner shell can be removed for maintenance and repair 
without removal of the rotor. 

In that patent, there is also disclosed a rolling fixture which is disposed on the 
lower outer shell section to facilitate removal and Installation of the inner shell 
relative to the outer shell. The fixture mounts a winch by which the dummy 
shell section and lower inner shell section can be rotated about the rotor axis 
to facilitate removal of the lower shell section. 

As will also be appreciated from a review of thai patent, the inner and outer 
shells are connected to one another by a pair of axially spaced circumferential 
arrays of pins interconnecting the inner and outer shells. The pins project 
radially outwardly from the inner shell and have opposite circumfercntially 
facing flats which cooperate with adjusting screws mounted on the outer shell 
to adjust the inner shell relative to the outer shell in a plane normal to the axis 
of rotation. 

A new and more advanced gas turbine design has been developed by the 
assignee hereof which employs axially spaced arrays of rectilinear sockets 
about the inner shell. Pins projecting from the outer shell into the sockets to 
support the inner shell from the outer shell and in coaxial alignment with the 
rotor axis. For a complete disclosure of the geometry of the pins, reference is 

made to co-pending patent application Serial No. (Attorney Dkt. 

No. 839- ), of common assignee herewith, the disclosure of which is 

incorporated herein by reference. These latter support pins are not adjustable 
by adjusting screws carried by the outer shell as in assignee's prior U.S. Patent 
No. 5,779,442. TTiere has thus developed a need for a system for installing and 
removing the inner shell sections relative to the outer shell and aligning the 
inner shell relative to the outer shell upon installation. 
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BRIEF SUMMARY OF THE INVENTION 

In accordance with a preferred embodiment of the pnaent invention, there is 
provided appardtus and methods for field removal of the inner shell relative to 
the outer shell without removal of the rotor and for reinstalling new or 
repaired inner shell sections without removal of the rotor and aligning the 
inner shell relative to the rotor axis in both radial and axial directions. To 
accomplish the foregoing, it will be appreciated that the inner and outer shells 
arc connected one to the other by axiall/ spaced, circumferential fore and aft 
arrays of support pins boUed to the outer shell at locations generally spaced 
45** from one another about the outer shell and projecting radially inwardly 
for reception in recesses at corresponding locations along the inner shell. 
While eight support pins at each fore and aft axial location are preferred, a few 
or greater number of support pins may be used and with different 
circumferential spacing therebetween. For purposes of the present 
description and convenience only, the location of the pins is described in 
approximate clock positions about the rotor axis as viewed axially. To remove 
the inner shell, the support pins at the 5 and 7 o'clock positions, both fore and 
aft, arc removed. An alignment fixture is then attached to and suspended 
from the lower outer shell section. The alignment fixture generally comprises 
a rectangular frame having left and right-hand outer shell mounts secured to 
the lower outer shell section on opposite sides of the rotor axis. The outer 
shell mounts connect with a depending rectangular frame by respective pairs 
of alignment rods on each side of the alignment fixture whereby the 
rectangular frame is supported solely by the pairs of alignment rods. 
Additionally, a pair of axially extending alignment rods interconnect the 
rectangular frame and the mounts and a lateral or transversely extending 
alignment rod interconnects the frame and one of the mounts. The 
rectangular frame also includes two pairs of cradle pins mounted on inclined 
tracks for engagement through the lower outer shell section support pin 
openings at the 5 and 7 o'clock positions and with the recesses in the inner 
shell normally mounting the support pins interconnecting the inner and outer 
shells. With the rectangular frame suspended from the mounts secured to the 
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lower outer shell section, and with the cradle pins engaging in the openings of 
the inner shell, it will be appreciated that the entire weight of the inner shell 
can be transferred to the cradle pins and supported from the lower outer shell 
section through the rectangular frame, vertical adjusting rods and mounts. 

With the mounts secured to the lower outer shell section and the cradle pins 
inserted into the recesses of the inner shell, the forward and aft support pins 
interconnecting the upper outer shell section and the upper inner shell section 
to one another are removed. Upon removal of the upper support pins, the 
upper outer shell section is removed, lifting it from the lower outer shell 
section at the horizontal splitline. Next, the upper inner shell section is 
removed. The remaining support pins at the 4 and 8 o'clock positions, both 
fore and aft, are then removed whereby the weight of the lower inner shell 
section is wholly transferred to the cradle pins, supported in turn through the 
alignment structure by the lower outer shell section. 

To remove the lower inner shell section, roller assemblies are secured to the 
lower outer shell section. The rollers thereof engage the inner shell at the 4 
and 8 o'clock positions. The cradle pins arc then badced off, transferring the 
weight of the lower inner shell section to the lower outer shell section through 
the roller assemblies. Additional roller assemblies arc then secured to the 
outer shell at the 5 and 7 o'clock positions with their rollers engaging the lower 
inner shell section. A dummy inner shell section is secured on the lower inner 
shell section at the splitline. A roller cage is then attached to the lower outer 
shell section and the dummy shell section and lower inner shell section are 
jointly rotated 180^ to locate the inner shell section along the open top of the 
turbine. With the removal of the roller cage, the repositioned inner shell 
section can then be removed, fully exposing the first and second stages of the 
rotor. As detailed in the following description, the installation of the inner 
shell sections follows a reverse procedure. 

The alignment fixture of the present invention may also be used for factory 
installation of the inner shell relative to the outer shell when fabricating a 
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complete tucbinc. With the lower outer shell section elevated and supported, 
roller assemblies are inserted at the 4 and 8 o'clock positions of the lower 
outer shell. The lower inner shell section is then lowered into the lower outer 
shell section for support on ihe roller assemblies. The alignment fixture is 
then secured to the lower outer shell section and the cradle pins displaced to 
engage the lower inner shell section. The rotor is then placed and secured in 
the turbine. The upper inner shell section is then secured at the horizontal 
splitline to the lower inner shell section. Upon removal of the roller 
assemblies, the weight of the entire inner shell is then transferred to the cradle 
pins and hence to the lower outer shell section through the alignment fixture. 
With the inner shell supported in the lower outer shell section by the 
alignment fixture, the adjusting rods of the alignment fixture are manipulated 
to position the inner shell relative to the lower outer shell section laterally, 
axially, vertically and about a transverse axis. Once aligned, the upper outer 
shell section is secured to the lower outer shell section at the horizontal 
splitline* The support pins are then inserted at all pin opening locations 
except for the 5 and 7 o'clock locations containing the cradle pins. The weight 
of the inner shell is thus transferred to the support pins and the alignment 
fixture is removed. A final pair of fore and aft support pins are secured to Ihe 
lower outer shell section at the 5 and 7 o'clock positions in supporting relation 
to the inner shell. As a consequence of this procedure and apparatus, the 
inner shell is aligned in an adjusted position substantially coaxial with the 
rotor axis. A slight offset of the inner shell relative to the rotor axis may be 
provided to accommodate for rotor bowing. 

In a preferred embodiment according to the present invention, there is 
provided in a turbine having arcuate inner and outer shells and a rotor within 
said outer and inner shells having an axis, a method for aligning the inner and 
outer shells relative to one another, comprising the steps of (a) supportuig an 
alignment fbcture from the outer shell, (b) supporting the inner shell within 
the outer shell by the alignment fixture and (c) adjusting the inner shell 
relative to the outer shell by adjusting the alignment fixture relative to the 
outer shell. 
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In a further preferred embodiment according to the present invention, there is 
provided a method of disassembling a turbine having inner and outer shells 
with the inner shell supported by and within said outer shell, the shells being 
concentric about a rotor vsrithin the inner shell and having an axis comprising 
the steps of (a) attaching a fixture to the outer shell, (b) supporting the fixture 
from the outer shell and (c) transferring support of the inner shell by the outer 
shell to the fixture. 

In a still further preferred embodiment according to the present invention, 
there is provided a metliod of disassembling a turbine having a pair of arcuate 
upper and lower outer shell sections and a pair of arcuate upper and lower 
inner shell sections concentric about a rotor having an axis and without 
removing the rotor from the turbine, comprising the steps of (a) removing the 
upper outer shell sei^lion, (h) removing the upper inner shell section, (c) 
supporting a fixture from the lower outer shell section, (d) transferring 
support of the lower inner shell section from the lower outer shell section to 
the fixture, (e) subsequent to step (c), securing roller assemblies to the lower 
outer shell section for engaging the lower inner shell section, (0 transferring 
support for the lower inner shell section from the fixture to the roller 
assemblies and the lower outer shell section, (g) rotating the lower inner shell 
section about the axis to a location above the lower outer shell section and (h) 
subsequent to step (g), removing the lower inner shell section. 

In a still further preferred embodiment according to the present invention, 
there is provided a method of assembling a turbine having a pair of upper and 
lower outer shell sections and a pair of upper and lower outer shell sections 
about a rotor comprising the steps of (a) attaching a fixture to the lower outer 
shell section, (b) supporting the fixture from the lower outer shell section, (c) 
inserting the lower inner shell section into the lower outer shell section, (d) 
supporting the lower inner shell section from the lower outer shell section, (c) 
disposing the rotor in the lower inner shell section, (0 securing the upper 
inner shell section to the lower inner shell section and (g) transferring support 
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from the upper and lower inner shell sections from the fixture to elements 
interconnecting the inner shell sections and the outer shell sections. 

In a still further preferred embodiment according to the present invention, 
there is provided an alignment fixture for sccurement to an outer shell of a 
turbine having inner and outer shells secured to one another about a rotor 
having an axis, comprising a pair of mounts for securcment to the outer shell, 
a frame having support members movable thereon between (i) a support 
position passing through access openings of the outer shell and in engagement 
with the inner shell to support the inner shell from the frame and (ii) a 
non-support position spaced from the inner shell and at least one adjustable 
element interconnecting Ihe frame and at least one of the mounts for 
adjusting the position of the frame relative to the outer shell in one of an axial 
direction or in a plane normal to the axis of the rotor, when the support 
members lie in the support position, thereby adjusting the inner shell relative 
to the outer shell. 
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DETAf LED DESCRIPTION OF THE INVENTION 

Referring to Figure i, there is illustrated a turbine section, generally 
designated lo, of a turbine having an outer structural shell 12 and an inner 
shell 14 supported by the ouier shell 12. The inner shell 14 carries an array of 
nozzles 16 and 18 forming parts of first and second stages, respectively, of the 
turbine. The inner shell 14 also surrounds a rotor, generally designated 20, 
roiatable about an axis 22. Hie rotor 20 includes circumferential arrays of 
buckets mounted on wheels arranged alternately with spacers, the wheels and 
spacers forming the body of the rotor. For example, the first and second-stage 
wheels 24 and 26 with an intervening spacer 28 are illustrated, the wheels 24 
and 26 mounting buckets 28 and 30, respectively. It will be appreciated that 
the buckets and the nozzles of the various stages in part define an annular hot 
gas path through the turbine. As conventional, the wheels and spacers of the 
rotor are secured to one another by axial extending bolts 32 circumferenlially 
spaced one from the other about the rotor. 

Referring to Figures 1 and 2, the inner shell 14 comprises a forwaixi portion 36 
and an aft portion 38 interconnected by an axially extending annular rib 40. 
The forward and aft portions 36 and 38 are annular and have radially 
inwardly directed dovetails 42 and 44, respectively, for carrying shrouds 46 
and 48. The shrouds provide a minimum clearance with the tips of the 
buckets. It wUl be appreciated that the inner shell 14 is secured to the outer 
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shell along radial planes normal to the axis of the rotor and at axial locations, 
preferably in alignment with the first and sccond*stage buckets and shrouds. 

To connect the inner and outer shells to one another, each of the forward and 
aft portions 36 and 38, respectively, of the inner shell 14 are provided with 
circumferentially spaced recesses 50 and 52, As illustrated in Figure 3» 
connecting elements, e,g., support pins S4 pass through access openings 56 
through the outer shell for connection with the forward portion 36 of inner 
shell 14. Similar pins interconnect the outer shell with the aft portion 38 of 
inner shell 14. Preferably, the pins lie at eight pin locations in each radial 
plane and are spaced approximately 45^ one from the other about the rotor 
axis, although it will be appreciated that a greater or fewer number of support 
pins at different circumferential locations may be used. The support pins 54 
arc also spaced from the horizontal splitline of the inner shell. The support 
pins include an enlarged head having a i>oIt circle with a plurality of bolt 
openings, a cylindrical shank and end projections. The precise geometry of 
the support pins is not relevant to the present invention, it being suffice to say 
that ihe support pins support the inner shell from the outer shell for radial 
and axial expansion and contraction, with the pins carrying only 
circumferential loadings. 

Referring to Figure 6, each of the inner and outer shells 14 and 12, 
respectively, are preferably formed of semi-cylindrical shell sections or halves 
extending 180". For clarity, the noz/Jes and shrouds carried by the inner 
shell sections are not shown in these drawing figures except for Figure 1. 
TTius, the inner shell 14 comprises, as illustrated in Figure 6, an upper inner 
shell section 70 and a lower inner shell section 72 joined together along a 
horizontal splitline, generally designated 74. Similarly, the outer shell 12 
includes an upper outer shell section 76 and a lower outer shell section 78 
joined along a horizontal splitline 80. As noted above with respect to Figure 3, 
the support pins 54 secured to and extending through the outer shell sections 
engage in recesses or sockets 50 and 52 in the inner shell sections in fore and 
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aft portions 36 and 38 to maintain the inner shell concentric about the rotor 
axis. 

Figure 4 illustrates in perspective the lower outer shell section 78 about the 
lower inner shell section 72, the upper inner and outer shell sections 70 and 
76, respectively, having been removed. Illustrated in Figure 4 is a roller cage 
assembly, generally designated 86, and an alignment fixture, generally 
designated 88. As best illustrated, referring to Figures 4 and 14, the roller 
cage 86 includes a plurality of semi>circular frame members 90 terminating at 
opposite ends in plates 9^> for sccurement to opposite ends of the lower outer 
shell section /8. The roller cage assembly 86 includes a motor 94 which drives 
an endless chain 96 (Figure 14) about a sprocket within the motor housing 
and about a sprocket 98 adjacent one end of the cage, A bracket 99 (Figures 
13 and 14) has bolt holes for receiving bolts to secure the bracket to bolt holes 
101 (Figure 2) formed along the fore and aft rims of the inner shell and along a 
dummy shell. The bracket 99 is also secured to the chain 96 whereby upon 
operation of the motor, the bracket 99 moves with the chain 96. When the 
bracket is secured to the inner shell section or the dummy shell section, the 
shell sections rotate as described hereinafter. 

Referring now to Figure 5, the alignment fixture 88 includes a generally 
rectangular frame 100. The alignment frame 100 includes on opposite sides of 
a cenlerline parallel to the rotor axis pairs of inclined tracks 102. Motors, not 
shown, drive pairs of support members, e.g., cradle pins 104, along tracks 102. 
The tracks 102 and cradle pins 104 carried for movement therealong are 
substantially aligned with the support pin openings through the outer shell at 
the 5 and 7 o'clock positions and are sized and configured to pass through the 
support pin openings to engage in the recesses 50 and 52 of the lower inner 
shell section 72 when the support pins are removed from those openings, 
"rtius, with the support pins at the 5 and 7 o'clock positions removed, the 
cradle pins 104 may pass through the support pin openings and engage in the 
recesses 50 and 52 of the inner shell. 
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The alignment fixture 84 also includes left and right-hand mounts, generally 
designated 110 and 112, respectively, for securing the alignment fixture 
directly to the lower outer shell section 78 whereby the alignment fixture is 
suspended from the lower outer shell section without additional support. The 
left-hand mount 110 includes a pair of structural members 114 and 116 
interconnected together. Member 114 supports a pair of structural bolt circle 
tlangcs 118, while member 116 supports a bolt circle flange 120. The bolt 
circles flanges 118 and 120 connect with corresponding bolt circle flanges on 
the outer surface of the lower outer shell section 78, Thus, in use, the left- 
hand mount 110 is structurally connected to the lower outer shell half. Mount 
no also includes a depending structural bracket formed of right angularly 
related plates 1.22 and 124 having openings for receiving the ends of adjusting 
rods 126 and 128, respectively. As discussed hereinafter, the adjusting rods 
126 and 128 extend in lateral and axial directions, respectively, normal to one 
another. The opposite ends of the rods 126 and i^.S reside in ball joints 130 
and 132 formed on structural members connected to the frame 100. 

Additionally, the structural members 114 and 116 are structurally secured to 
axially spaced horizontal plates 134 and 136. The upper ends of vertical 
adjusting rods 138 and 140 are secured io the plates 134 and 136, respectively. 
The lower ends of the rods are secured in ball joints 142 and 144, secured in 
structural portions of the frame 100. 

The right=hand mount 112 includes a generally triangular arrangement of 
structural members, designated 144, mounting a plurality of structural 
elements terminating in bolt circle flanges 146. These bolt circle flanges are 
secured by suitable bolts to corresponding bolt circle flanges along the outside 
surface of the lower outer shell section 78, thereby structurally securing the 
right-hand mount 112 to the outer shell. Depending from the mount 112 by a 
structural element 148 is an axially facing plate 150 which receives one end of 
an adjusting rod 152. The adjusting rod lies substantially parallel to the axi:^ of 
the rotor and its opposite end is received in a ball joint 154 secured to the 
frame 100. Further, the right mount 112 includes a pair of plates 156 and 158 
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to which the upper ends of a pair of vertical adjusting rods i6o and 162 are 
secured. The lower ends of the rods 160 and 162 are secured in ball joints 164 
and 166, respectively, secured to the end of the frame. The ends of the 
adjusting rods have flats to which tools, e.g., socket wrenches, may be applied 
for rotating and hence screwthrcading the adjusting rods relative lo their 
mounts to adjust the inner shell relative to the outer .shell, as will become clear 
from the ensuing description. 

As will be appreciated from the foregoing, the left and right-hand mounts 110 
and 112, respectively, are structurally supported from the lower outer shell 
section 78. The mounts, in turn, support the frame 100, including the cradle 
pins 104, solely by the four vertically extending adjusting rods 160 and 162. At 
various stages of the disassembly and assembly procedures, as will become 
dear, the weight of the inner shell is supported from the outer shell through 
the Itift and right-hand mounts, the four vertical adjusting rods, the frame 100 
and the cradle pins 104. It will also be appreciated that when the inner sliell is 
supported by the cradle pins, movement of the frame 160 by adjustment of the 
adjusting rods effects movement of the inner shell relative to the outer shell 
vertically, axially, transversely and with variable adjustment of the vertical 
adjusting rods in a tilt direction. 

Referring now to Figures 6-14, a field disassembly procedure using the roll 
cage assembly and alignment fixture will now be described, Tnttially, it will be 
appreciated that the turbine is supported in bearing blocks and that the 
illustrated inner and outer shells are elevated above any support. With the 
rotor 20 within the inner shell, the fore and aft support pins 54 at Che 5 and 7 
o'clock positions are removed from the outer shell, as illustrated in Figure 6. 
The alignment fixture 88 is then secured to the lower outer shell section 78 as 
shown in Rgurc 7. Particularly, the bolt circle flanges of the left and right 
mounts 110 and 112 are secured to corresponding flanges by bolts, not shown, 
whereby the alignment fbcture 88 is suspended from the outer shell 12. Cradle 
inserts 170 are installed in the recesses 50 and 52 of the lower inner shell 
section 72 for receiving the cradle pins 104. The cradle pins 104 are then 
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inserted through the openings in the lower outer shell section 78 vacated by 
the support pins 54 and into engagement with the recesses 50 and 52 of the 
inner shell at corresponding locations by advancing the pins 104 along the 
tracks 102. With the alignment fixture 88 suspended from the lower outer 
shell section 78, the support pias between the upper outer shell section 76 and 
the upper inner shell section 70 at both forward and aft portions of the inner 
shell are removed (see Figure 0). The upper outer shell section 76 is then 
disconnected from the lower outer shell section 78 at the horizontal splitline 
by removing the bolts connecting the shell sections to one another. The outer 
shell section 76 is then removed by lifting it vertically from the lower outer 
shell section 78. The upper inner shell section 70 is similarly removed from 
the turbine upon removal of the bolts securing it to the lower inner shell 
section 72 at the horizontal splitline. The depending nozzles and shrouds, as 
well as ancillary structure are removed with the upper inner shell section 70. 

With both the upper, outer and inner shell sections removed, the remaining 
four support pins 54 at the 8 o'clock and 4 o'clock positions interconnecting 
the lower outer shell section 78 and the lower inner shell section 72 to one 
another are removed, as illustrated in Figure 9. Because the rotor remains in 
the turbine, it will be appreciated that the lower inner shell section "jz cannot 
be directly removed by lifting it from the lower outer shell section 78, To 
remove the lower inner shell section 72. it is displaced slightly forwardly to 
obtain addidonal axial clearance, using the alignment fixture 88. To 
accomplish this, the adjusting rods 152 and 128 are rotated to displace the 
frame 100 relative to the left and right-hand mounts 110 and 112, respectively. 
It will be recalled that the left and right mounts 110 and 112, respectively, are 
rigidly and structurally secured to the lower outer shell section 75. By rotating 
adjusting rods 152 and 128, it will be appreciated that the frame 100 is 
displaced in an axial direction relative to the mounts 110 and 112. With the 
cradle pins 104 carried by frame 100 engaging in the recesses 50 and 52 of the 
lower inner shell section 72, the latter is likewise displaced relative to the 
lower outer shell section 78 in an axial direction. 
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After this axial movement of the lower inner shell section, splitline support 
plates 176 are attached to the outer shell section 78 as illustrated in Figure 10, 
These plates 176 overlie the ends of the lower inner shell section 72 to prevent 
rotation of the lower inner shell section 72 relative to the lower outer shell 
section 78. 

Roller assemblies, generally designated 180, are then installed through the 
vacated support pin access openings in the lower outer shell section 78 at the 4 
and 8 o'clock positions. The rollers 188 of the roller assemblies 180 engage 
the rims of the forward and aft portions of the lower inner shell section. Each 
roller assembly includes a bolt circle 182 for receiving bolts 184 whereby the 
roller assembly can be secured to the bolt circles flanges of the lower outer 
shell section. The roller assemblies 180 also include a truck 186 mounting 
pairs of rollers 188 for engagement along the lower inner shell section rims. 

Referring to Figure 11, the cradle pins 104 are next retracted along their 
respective tracks and the cradle pin inserts arc removed. As a consequence, 
the weight of the lower irmcr shell section is borne by the roller assemblies 
t8o at the 8 and 4 o'clock positions. Referring to Figure 12, additional roller 
assemblies 180 are then disposed on the tracks 102 formerly holding the 
cradle pins 104 and are advanced into the access openings through the lower 
outer shell section 78 at the 5 and 7 o'clock positions to engage the rims of the 
inner shell, the roller assemblies 180 being secured to the lower outer shell 
section 78. It will be appreciated that the motorized track 102 of the 
alignment fixture 88 can be used to insert the roller assemblies 182 in view of 
the weight otthe roller assemblies, i.e., approximately 175 pounds each. With 
the pairs of roller assemblies respectively engaging fore and aft rim portions of 
the inner shell at the 4, 5, 7 and 8 o'clock positions, it will be appreciated that 
the lower inner shell section is supported by the lov^rer outer shell secdon 78 
on the roller assemblies 182. 

As illustrated in Figure 12, the splitline support plates 176 are then removed 
and a dummy inner shell 190 is secured to the lower inner shell section 72 at 
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its horizontal splitlinc. The dummy shell section 190 is comparable in weight 
to the lower inner shell section 72. Next, as illustrated in Figure 13, the roll 
cage assembly 86 is installed. Particularly, the roll cage assembly sttaddlcs 
the dummy inner shell section 190 and is attached to the lower outer shell 
section 78 at its horizontal spUtline. Additionally, the bracket 99 is secured by 
bolts to the periphery of the dummy shell. By operating the motor 94 of the 
roll cage assembly, the combined dummy shell 190 and lower inner shell 
section 72 are rotated on the roller assemblies 180 secured to the lower outer 
shell section 78, Preferably, dummy shell 190 and section 72 are jointly 
rotated about 6o<>, At that time, another bracket 99 is installed on the chain 
adjacent the splitUne and secured by bolts to the dummy shell or lower inner 
shell, as applicable. The roll cage assembly then again is rotated and the 
process repeated until the dummy shell and lower inner shell section have 
been rotated a full i8o*>. As illustrated in Figure 13, the position of Ihe lower 
inner shell section 72 has thus been transposed with the position of the 
dummy shell section 190 such that the lower inner shell section 72 lies above 
the lower outer shell section 78. An alignment pin igi (Figure 14) may be 
inserted through the outer shell into the dummy section to prevent the 
dummy section from rotating within the lower outer shell section 78, The 
cage assembly 86 is then removed by disconnecting it from the lower outer 
shell section 78 at the splitline. Additionally, the lower inner shell .section 72 
together with its shrouds, nozzles and ancillary structure can now be removed 
from the dummy inner shell section 190 and from the turbine. Consequently, 
both upper and lower inner shell sections are removable from the turbine with 
the rotor in place, gaining access to various parts of the rotor, as well as to the 
inner shell sections for repair and maintenance. 

It will he appreciated that a reverse procedure is utilized to install the repaired 
and maintained inner shell sections into the turbine while the rotor rests in 
the turbine. Additional steps are also necessary to align the inner shell 
concentrically about the rotor axis. Referring to Figure 15, the repaired lower 
inner shell half 72 is secured to the dummy inner shell 190 at the horizontal 
splitline, the dummy shell 190 remaining in the lower outer shell section 78 as 
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a result of the repair. The roll cage assembly 86 is also secured to the lower 
outer shell section at the splitUne, The bracket 99 of the roll cage assembly is 
secured to the rim of the lower inner shell section. The alignment pin 19^ 
(Figure 14) between the lower outer shell section 78 and the dummy shell 
section 190 is removed^ freeing the dummy section 190 for rotational 
movement. Using the roll cage assembly, the combined lower inner shell 
section 72 and dummy shell 190 are stepwise rotated 180*^ on the roller 
assemblies at the 4, 5, 7 and 8 o'clock positions until the inner shell section 72 
is located in the lower outer shell section 78 and the dummy shell section 190 
is located above the lower outer shell section, as illustrated in Figure 16. Once 
transposed, the lower inner shell section /a is maintained in position by 
inserting the alignment pin 191 through the lower outer shell section into a 
corresponding opening in the lower inner shell section. 

Referring to Figure 17, the roller cage assembly 86 is disconnected from the 
lower outer shell 78 and removed Similarly, the dummy shell section 190 is 
disconnected from the lower inner shell section 72 at the horizontal splitline 
and removed. As further illustrated in Figure 17, the roll assemblies 180 for 
each of the forward and aft portions of the inner shell at the 5 and 7 o'clock 
positions are removed together with their inserts. It will be appreciated that, 
at this stage, the lower inner shell section 72 remains supported by the roller 
assemblies at the 4 and 8 o'clock positions. Also, the splitline support plates 
176 are applied at the splitlines of both the inner and outer lower shell 
sections, 

Iteferring to Figure 18, the alignment structure 88 is next installed onto the 
lower outer shell section 78. that is, the bolt circle flanges of the left and 
right-hand mounts no and U2, respectively, are bolted to corresponding bolt 
circle flanges on the lower outer shell section 78 supporting the alignment 
frame from the outer shell section. Additionally, the cradle pins 104 are 
advanced in the support hole openings vacated by the roller assemblies 180 at 
the 5 and 7 o'clock positions to again engage in the recesses 50 and 52 of the 
forward and aft portions of the inner shell. The splitline support plates 176 
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are then removed from opposite sides of the outer lower shell section 78. The 
roller assemblies 180 at the 4 and 8 o'clock positions, both fore and aft, are 
also removed (see Figure 19). It will be appreciated that the weight of the 
lower inner shell section 72 is thus transferred to the cradle pins 104 and to 
the lower outer shell section 78 via the alignment structure 88 supported by 
the lower outer shell section 78. The upper inner shell section 70 is then 
installed by securing it to the lower inner shell section along the horizontal 
splitUne. 

By manipulating the adjusting rods of the alignment structure, the inner shell 
can be located vertically and horizontally in a radial plane, displaced axially 
and inclined or canted. At this stage of the installation, it will be appreciated 
that the entire inner shell is supported on the four cradle pins 104 of the 
alignment structure 88 and that the alignment structure, in turn, is supported 
solely by the lower outer shell section 78. To displace the inner shell relative 
to the outer shell in a vertical direction, the vertically extending adjusting rods 
138, 140, 160 and 162 are rotated and hence threaded to displace the frame 
100 relative to the mounts no and 112. This displacement, in turn, displaces 
the cradle pins 104 and the inner shell carried thereby vertically relative to the 
outer shell. To effect a lateral or transverse movement, the adjusting rod 126 
is rotated and hence threaded, causing the cradle pins 104 to shift laterally 
relative to the mounts 1 10 and 1 12. Because the cradle pins carry the inner 
shell, the inner shell is shifted laterally relative to the lower outer shell section 
78 l)y the adjusting rod 126. To displace the inner shell axially, the adjusting 
rods 128 and 152 arc screwthreaded, causing the frame 100 to be displaced 
axially relative to the mounts 110 and 112. Consequently, the cradle pins 104 
also cany the inner shell for axial displacement relative to the outer shell* By 
differentially adjusting the fore and aft vertical rods 138, 160 and 140, 162, 
respectively, the inner shell can be inclined relative to the outer shell. 

When the alignment of the inner shell is completed relative to the lower outer 
shell section 78 and the rotor axis, the upper outer shell 76 is installed and 
secured to the lower outer shell section 78 along the horizontal splitiine (see 
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Figure ^io). The support pins 54 are then iniierted into the outer shell at the 4. 
8, 10, 11, 1 and 2 o'clock positions to fix the inner shell in its adjusted aligned 
position relative to the outer shell. With the inner shell fixed, the cradle pins 
104 are withdrawn from the inner shell The alignment structure 88 is then 
removed by removing the mounts 110 and 112 from the lower outer shell 
section (see Figure 20). Once the alignmenl fixture 88 has been removed, the 
final support pins 54 are inserted at the fure and aft 5 and 7 o'clock positions 
to engage between the lower outer shell and the lower inner shell, as 
illustrated in Figure 21. 

The foregoing disassembly and assembly procedures have been described with 
respect to an existing turbine, for example, a turbine in the field in need of 
maintenance or repair. The alignment fixture may also be utilized for initial 
manufacture of the turbine. Thus, referring to Figure 22, there is illustrated 
the lower outer shell section 78 with the roller assemblies 180 inserted into 
the lower outer shell access openings at the 4 and 8 o'clock positions, Tlie 
access openings at the 5 and 7 o'clock positions remain open. The lower inner 
shell section 72 may then be lowered into the lower outer shell section 78 and 
supported on the roller assemblies 180 at the 4 and 8 o'clock positions. 
Referring to Figure 23, the alignment fixture 88 is then secured to the lower 
outer shell section 7^ by bolting the left and right-hand mounts 110 and 112, 
respectively, io the bolt circles on the lower outer shell section 78. The cradle 
pins 104 may then be driven upwardly through the vacant access openings in 
the lower outer shell section 78 to engage in the recesses 50 and 52 of the 
lower inner shell section 72. At this stage of the factory installation procedure, 
the rotor may be installed into the lower half of the turbine shell 

Referring to Figure 24 and with the rotor installed in the lower half of the 
turbine shell, the upper inner shell section 70 is lowered and secured to the 
lower inner shell section ^^ at the horizontal splitlinc. With the inner shell 
sections 70 and 72 secured together, the roller assemblies 180 at the 4 and 8 
o'clock positions are removed. Their removal transfers the weight of the 
entire inner shell to the cradle pins 104 of the alignment fixture. Tims, the 
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entire inner shell is supported by the lower outer shell section 78 through the 
alignment fixture 88 and the cradle pins 104 inserted in the recesses 50 and 
52. With the upper outer shell section 76 removed, the inner shell can now be 
adjusted longitudinally, laterally, vertically and about a transverse axis by 
manipulation of the adjusting rods similarly as previously described with 
respect to the field assembly procedure. 

Referring to Figure 25. and with the inner shell adjusted relative to the lower 
outer shell section, the upper outer shell section is secured to the lower outer 
shell section at the horizontal splitUne. Also, with the alignment fbcture 88 
secured to the lower outer shell section 78, and the inner shell in adjusted 
position, the support pins 54 are inserted at the 1, 2, 4, 8. 10 and 11 o'clock 
positions as illustrated. The pins are secured to the corresponding outer shell 
sections with their pin projections residing in the recesses or sockets of the 
inner shell. With the support pins 54 in the foregoing described locations, the 
cradle pins 104 of the alignment fixture 88 can be withdrawn from the 
recesses of the inner shell. The weight of the inner shell is transferred to the 
support pins. The alignment fixture 88 is then removed from the lower outer 
shell section 78 by unbolting the mounts 110 and 112 from the lower outer 
shell section 78. As illustrated in Figure 26, the pins 54 at the 5 and 7 o'clock 
positions arc then inserted into the now-vacant access openings in the lower 
outer shell section 78 to engage in the corresponding recesses of the inner 
shell, thus completing the assembly of the turbine. 

While the invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
claiiDS. 
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4. Brief Description of Drawings 

FIGUREi is a fragmentary cross-sectional view of first and second stages of a 
turbine incorporating an inner and outer shell construction; 

FIGURE t> is a perspective view of an inner shell with the nozzles and shrouds 
not shown for clarity; 

FIGURE 3 is an axial schematic end view illustrating a preferred pinned 
connection between the inner and outer shells; 

FIGURE 4 is a perspective view of a roller cage assembly and alignment 
fixture for installing and aligning, respectively, the inner shell within the outer 
shell and concentric about the axis of the turbine rotor; 

FIGURE 5 is a perspective view of the alignment fixture in part broken away 
for ease of illustration; 

FIGURES 6:14 are schematic axial elevational views illustrating the field 
disassembly of the upper outer shell section and the inner shell sections from 
the turbine with the rotor disposed within the turbine; 

FIGURES 15-21 are schematic axial elevational views illustrating the field 
assembly of the inner shell and the upper out shell section; and 

FIGURES 22-26 arc schematic axial elevational views illustrating factory 
assembly of the turbine. 
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Fig. 2 
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Fig. 3 
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Fig. 12 
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Fig. 13 
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Fig. 15 
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Fig. 16 
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F3g. 17 
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Fig. 19 
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Pig. 20 




(68))00-356108(P2000-356 108 A) 



Fig. 21 
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Fig, 22 
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Fig. 24 
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1. Abstract 

A turbine includes upper and lower inner shell sections (70, 72 and 76, 78) 
mounting the nozzles and shrouds and which inner shell (14) is supported by 
pins (54) secured to a surrounding outer shell (12). To disassemble the 
turbine for access to the inner shell sections and rotor (20), an alignment 
fixture (88) is secured to the lower outer shell section and has pins (104) 
engaging the inner shell section. To disassemble the turbine, the inner shell 
weight is transferred to the lower outer shell section via the alignment fixture 
(88) and cradle pins (104), Roller assemblies (180) are inserted through 
access openings vacated by support pins to permit rotation of the lower inner 
shell section out of and into the lower outer shell section during disassembly 
and assembly. The alignment fixture includes adjusting rods (138, 140, 152, 
160, 162, 126) for adjusting the inner shell axially, vertically, laterally and 
about a lateral axis. A roller over-cage (86) is provided to rotate the inner 
shell and a dummy shell (190) to facilitate assembly and disassembly in the 
field. 

2. Representative Drawing: Figure 8 



